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(54) Fuel cell system 

(57) Disclosed is a fuel cell system comprising a fuel 
tank 1 1 for storing fuel; an evaporator 12 for evaporating 
the fuel to generate fuel gas; a reforming reactor 13 for 
generating reforming gas containing hydrogen from the 
fuel gas; a combustor 1 4 for burning any one of the fuel 
and the reforming gas to supply heat to the evaporator 
12; and a fuel cell portion 15 for generating electricity 
by use of the hydrogen contained in the reforming gas 



generated in the reforming reactor 13, wherein a boiling 
point temperature of the fuel in the evaporator 12 is es- 
timated based on an operation pressure of the evapo- 
rator 12, a vapor temperature of the fuel gas in the evap- 
orator 12 is measured, and when a value obtained by 
subtracting the boiling point temperature from the vapor 
temperature becomes below a predetermined value, a 
flow rate of any one of the fuel and the reforming gas 
burnt in the combustor 14 is increased. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a fuel cell sys- 
tem suitably used for a moving body such as an auto- 
mobile, more particularly to a fuel cell system capable 
of stably supplying fuel gas from an evaporator to a re- 
forming reactor. 

[0002] A fuel cell system for use in a moving body, 
which is mounted on an automobile and the like, is con- 
stituted by a fuel reforming portion for generating hydro- 
gen-rich gas by reforming fuel such as methanol and the 
like; and a fuel cell portion for allowing the hydrogen- 
rich gas generated by the fuel reforming portion to react 
with oxygen-containing gas separately supplied from an 
air supply apparatus to generate electricity. The fuel re- 
forming portion is constituted by an evaporator for evap- 
orating fuel gas by use of heat generated in burning ex- 
haust; and a reforming reactor for reforming the fuel gas 
evaporated by the evaporator actually into hydrogen - 
rich gas. 

[0003] To allow the fuel cell system to behave with 
high efficiency and stability, the fuel gas must be stably 
supplied from the fuel reforming portion to the fuel cell 
portion, and, in the fuel reforming portion, the fuel gas 
must be stably supplied from the evaporator to the re- 
forming reactor. 

[0004] By the way, when a flow rate of the exhaust 
supplied to a combustor changes due to a load change 
of a fuel cell, a quantity of the exhaust from a fuel elec- 
trode of the fuel cell portion is made to change, and the 
temperature of the combustor is controlled. Thus, the 
temperature of the evaporator is kept constant, and a 
quantity of the fuel gas supplied to the fuel cell portion 
is maintained. A method to control the supply quantity 
of the fuel gas by the temperature of the combustor dis- 
closed, for example, in Japanese Patent Laid-Open No. 
10-106607 has been known. In this conventional tech- 
nology, provided are pass lines which branch away from 
corresponding exhaust gas lines to guide the exhaust 
from the fuel cell portion to the combustion chamber and 
allow the exhaust to bypass the corresponding exhaust 
gas lines, and flow rate control valves are provided on 
the respective exhaust gas lines on downstream sides 
from branch points to adjust a flowing quantity of the 
exhaust flowing into a combustor. 

SUMMARY OF THE INVENTION 

[0005] No consideration for a change of boiling point 
temperature due to operation pressures of an evapora- 
tor and a combustor is taken in the conventional fuel cell 
systems for use in the moving body, and the evaporator 
and the combustor are controlled so as to aim at a target 
temperature of the combustor 
[0006] For this reason, even when the temperature of 
the combustor exceeds a target controlled temperature, 



a situation that the evaporator does not reach the target 
temperature so that an enough amount of fuel gas re- 
quired by a fuel cell portion cannot be supplied to the 
reforming reactor may occur. 
5 [0007] The present invention was invented in consid- 
eration of the above described problems of the conven- 
tional technology, and the object of the present invention 
is to provide a fuel cell system capable of stably supply- 
ing fuel gas from an evaporator to a reforming reactor. 

10 [0008] To achieve the above described object, the fuel 
cell system of the present invention comprises a fuel 
tank for storing fuel; an evaporator for evaporating said 
fuel to generate fuel gas; a reforming reactor for gener- 
ating reforming gas containing hydrogen from the fuel 

*5 gas; a combustor for burning any one of the fuel and the 
reforming gas to supply heat to the evaporator; a fuel 
cell portion for generating electricity by use of the hy- 
drogen contained in the reforming gas generated in the 
reforming reactor; a boiling point temperature estima- 
te tion portion for estimating a boiling point temperature of 
the fuel in the evaporator based on an operation pres- 
sure of the evaporator; a vapor temperature measuring 
portion for measuring a vapor temperature of fuel gas 
in the evaporator; and a flow rate control portion for in- 

25 creasing a flow rate of any one of fuel and reforming gas 
burnt in the combustor when a value obtained by sub- 
tracting the boiling point temperature from the vapor 
temperature becomes below a predetermined value. 
[0009] In other words, the fuel cell system of the 

30 present invention comprises a fuel tank for storing fuel; 
an evaporator for evaporating said fuel to generate fuel 
gas; a reforming reactor for generating reforming gas 
containing hydrogen from said fuel gas; a combustor for 
burning any one of said fuel and said reforming gas to 

35 supply heat to said evaporator; a fuel cell portion for gen- 
erating electricity by use of said hydrogen contained in 
said reforming gas generated in said reforming reactor; 
boiling point temperature estimating means for estimat- 
ing a boiling point temperature of said fuel in said evap- 

40 orator based on an operation pressure of said evapora- 
tor; and vapor temperature measuring means for meas- 
uring a vapor temperature of fuel gas in said evaporator, 
wherein provided is flow rate control means for increas- 
ing a flow rate of any one of the fuel and the reforming 

45 gas burnt in said combustor when a value obtained by 
subtracting said boiling point temperature from said va- 
por temperature becomes below a predetermined val- 
ue. 

[0010] Beside, a method of controlling a fuel cell sys- 
50 tern of the present invention includes a fuel tankf or stor- 
ing fuel; an evaporator for evaporating said fuel to gen- 
erate fuel gas; a reforming reactor for generating reform- 
ing gas containing hydrogen from said fuel gas; a com- 
bustor for burning any one of said fuel and said reform- 
55 jng gas to supply heat to said evaporator; a fuel cell por- 
tion for generating electricity by use of said hydrogen 
contained in said reforming gas generated by said re- 
forming reactor; a boiling point temperature estimating 
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portion; a vapor temperature measuring portion; and a 
flow rate control portion, said method comprising: esti- 
mating by use of said boiling point temperature estimat- 
ing portion a boiling point temperature of said fuel in said 
evaporator based on an operation pressure of said 
evaporator; measuring by use of said vapor temperature 
measuring portion a vapor temperature of the fuel gas 
in said evaporator; and increasing a flow rate of any one 
of the fuel and the reforming gas burnt in said combustor 
when a value obtained by subtracting said boiling point 
temperature from said vapor temperature becomes be- 
low a predetermined value. 

[0011] In this fuel cell system, since the boiling point 
temperature of the fuel is estimated based on the oper- 
ation pressure in accordance with a state of the opera- 
tion pressure of the fuel cell portion, it is possible to com- 
ply with a change in the boiling point temperature of the 
fuel gas due to a change in the operation pressure. 
Moreover, since a control is performed by a difference 
between the boiling point temperature and the vapor 
temperature, it is possible to supply the fuel gas of a 
necessary flow rate to the fuel cell portion sufficiently 
and effectively. At the same time, a large amount of fuel 
that has not been vaporized yet is never stored in the 
evaporator, and the fuel that has been vaporized yet 
does not get discharged with the fuel gas. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] 

Fig. 1 is a block diagram showing an embodiment 
of a fuel cell system of the present invention. 
Fig. 2 is a graph for explaining contents for control- 
ling the fuel cell system of the present invention. 
Fig. 3 is a flowchart showing procedures for control- 
ling the fuel cell system of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0013] Embodiments of the present invention will be 
described with reference to the accompanying drawings 
below. 

[0014] Fig. 1 is a block diagram showing an embodi- 
ment of the present invention. Fig. 2 is a graph for ex- 
plaining contents for controlling a fuel cell system of this 
embodiment. Fig. 3 is a flowchart showing procedures 
for controlling the fuel cell system of this embodiment. 
[0015] A fuel cell system 1 in this embodiment com- 
prises a fuel tank 11 for storing fuel; an evaporator 12 
for evaporating the fuel to generate fuel gas; a reforming 
reactor 13 for generating reforming gas containing hy- 
drogen from the fuel gas; a combustor 14 for burning 
either the fuel or the reforming gas to supply heat to the 
evaporator 1 2; and a fuel cell portion 1 5 generating elec- 
tricity by use of the hydrogen contained in the reforming 
gas that has been generated by the reforming reactor 



13. The fuel cell system 1 further comprises a carbon 
monoxide remover 16 for removing carbon monoxide in 
the reforming gas generated by the reforming reactor 
13 and a compressor 17 for supplying air as oxidizing 

5 agent to the reforming reactor 13, the fuel cell portion 
15 and the carbon monoxide remover 16, respectively. 
[0016] In the fuel cell system 1 for use in a moving 
body, which is typified by a fuel cell car, either methanol 
or mixed liquid formed of water and methanol, which is 

io housed in the fuel tank 1 1 , is sent to the evaporator 1 2 
by a pump 1 8, and heated to be evaporated. Then, this 
evaporated fuel gas is sent to the auto-thermal reform- 
ing reactor 13. 

[0017] The fuel gas from the evaporator 12 and air 
15 from the compressor 1 7 are sent to the reforming reactor 
13. In the reforming reactor 13, hydrogen-rich reforming 
gas is generated by the following catalytic reaction of 
the methanol, the water and oxygen in the air. 

20 

CH 3 OH + H 2 0 <=> C0 2 + 3H 2 (1) 



CH3OH + 1/20 2 <=> C0 2 + 2H 2 (2) 

[001 8] Here, the reaction represented by the equation 
(1 ) is a vapor reforming reaction (endothermic reaction), 
and the reaction represented by the equation (2) is a 
partial oxidation reaction (exothermic reaction) of the 
methanol. The vapor reforming reaction of the equation 
(1) progresses step-by-step as shown by the following 
equations (3) and (4). 

CH3OH <=> CO + 2H 2 (3) 



CO + H 2 0 <x> C0 2 + H 2 (4) 

[001 9] Here, the reaction represented by the equation 
(3) is a decomposition reaction (endothermic reaction) 
of the methanol, and the reaction represented by the 
equation (4) is a shift reaction (exothermic reaction) of 
carbon monoxide. The reforming reactor 13 of this em- 
bodiment is a heat insulation type reactor operated un- 
der an autothermal condition in which heat evolution and 
heat absorption are balanced in these equations. More- 
over, in an initial stage of the fuel cell system 1 in which 
the temperature of catalyst is low, the following second- 
ary reactions further occur along with the above reac- 
tions. 

CH3OH <=> HCHO + H 2 (5) 



HCHO ^ CO + H 2 (6) 



25 
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[0020] The temperature of the reforming reactor 1 3 in 
motion ranges from 300 °C to 600 °C, and reforming 
gas containing carbon monoxide in order of several per- 
centages is obtained by a thermodynamic chemical 
equilibrium. However, carbon monoxide damages a fuel 
electrode catalyst formed of platinum or the like, of a 
solid polymer fuel cell 15, and considerably lowers its 
activity. For this reason, a carbon monoxide remover 16 
is provided between the reforming reactor 13 and the 
fuel cell 1 5, and the reforming gas is supplied to the fuel 
cell 15 after carbon monoxide is reduced therefrom to 
several ten to 1 00 ppm. 

[0021] In this embodiment, the reforming gas contain- 
ing carbon monoxide in order of several percentages is 
sent to the carbon monoxide remover 16, and the car- 
bon monoxide of the reforming gas is reduced by cata- 
lyst promoting the shift reaction represented by the 
equation (4). The operation temperature of the carbon 
monoxide remover 1 6 at this time ranges from 200 °C 
to 300 °C, and the reforming gas containing carbon 
monoxide in order of several tenth of percentage is ob- 
tained by thermodynamic chemical equilibrium. 
[0022] The carbon monoxide of the reforming gas in 
which the carbon monoxide is reduced by the shift re- 
action the catalyst oxidation reaction (exothermic reac- 
tion) described below is further reduced to several ten 
ppm to 1 00 ppm at most by the following catalyst oxida- 
tion reaction (exothermic reaction). Necessary oxygen 
is supplied from the compressor 17 as air. 

CO+ 1/20 2 <=> C0 2 (7) 

[0023] Here, since the reaction represented by the 
equation (7) proceeds in an atmosphere of hydrogen, 
the burning reaction (exothermic reaction) of hydrogen 
described below occurs along with the reaction repre- 
sented by the equation (7). Thus, a selectivity of the 
equation (7) for the equation (8) affects greatly on an 
efficiency of the reforming system. 

H 2 + 1/20 2 H 2 0 (8) 

[0024] To remove the heat generated by the reactions 
represented by the equations (7) and (8) and to keep 
the operation temperature of the carbon monoxide re- 
mover 16 at 100 and several ten °C, a reaction portion 
of the carbon monoxide remover 1 6 which performs the 
reactions represented by the equations (7) and (8) is 
cooled by air, LLC, oil or the like. An illustration of the 
reaction portion of the carbon monoxide remover 1 6 is 
omitted. 

[0025] The reforming gas in which the carbon monox- 
ide is reduced to an extremely low level concentration 
and air from the compressor 1 7 are sent to fuel and air 
electrodes of the fuel cell 15, and electricity generation 



is performed. 

[0026] In Fig. 1 , reference numeral 1 9 denotes a tem- 
perature sensor for measuring the temperature of the 
fuel gas which has passed through the evaporator 12, 

5 and an output of the temperature sensor 1 9 is transmit- 
ted to a controller (flow rate control portion) 30 to be de- 
scribed later. Furthermore, reference numerals 20 and 
21 denote flow rate regulating valves for regulating the 
flow rate of air sent to the reforming reactor 1 3, the car- 

io bon monoxide remover 1 6 and the fuel cell 1 5 from the 
compressor 17, and the flow rate regulating valves 20 
and 21 are feedback-controlled based on measurement 
values by the flow rate sensors 22 and 23 provided in 
respective supply systems. 

'5 [0027] In the fuel cell 1 5, it is impossible to use entire 
hydrogen in the reforming gas. Accordingly, the reform- 
ing gas that has been used for electricity generation and 
in which hydrogen partially remains is also sent to the 
combustor 1 4. At the same time, the air which has been 

20 used for the electricity generation and in which oxygen 
partially remains is sent to the burner 14. Then, the re- 
forming gas and the air sent to the burner 14 are burnt 
in the combustor 14. High temperature exhaust ob- 
tained in the combustor 1 4 is sent to the evaporator 1 2, 

25 and recycled as energy for allowing the methanol and 
the water to evaporate. 

[0028] In Fig. 1 , reference numerals 24 and 25 denote 
pressure sensors for measuring the pressure of respec- 
tive exhaust systems of the air electrode and the fuel 
3Q electrode in the fuel cell 1 5, and reference numerals 26 
and 27 denote flow rate regulating valves for regulating 
flow rates of the respective exhaust systems of the air 
electrode and the fuel electrode. 
[0029] In terms of an efficiency of the fuel cell system 
35 for use in the moving body, the operation pressure 
changes and, at the same time, the flow rate of the gas 
supplied to the reforming reactor 13 also shows a load 
change, in accordance with power required for the solid 
polymer type fuel cell 15. Thus, quantities of the fuel 
40 supplied to the evaporator 1 2 and the combustor 1 4 also 
change, and the operation pressures of the evaporator 
12 and the reforming reactor 13 change accordingly. 
[0030] However, a relation as shown in the map B of 
Fig. 2 exists between a boiling point temperature and 
45 the operation pressure. And the operation pressure of 
the evaporator 12 can be obtained by a pressure loss 
from the evaporator 1 2 to the solid polymer type fuel cell 
1 5 and the operation pressure of the solid polymer type 
fuel cell 15. Therefore, by obtaining the operation pres- 
to sure of the evaporator 1 2 from the pressure sensor 25, 
the boiling point temperature Tbp of the fuel supplied 
from the fuel tank 11 can be estimated by a calculation. 
A boiling point temperature estimator 29 shown in Fig. 
1 estimates by a calculation the boiling point tempera- 
55 ture Tbp by use of the output value from the pressure 
sensor 25 and the map B shown in Fig. 2. 
[0031 ] By the way, the vapor temperatu re Tvap is nev- 
er lower than the boiling point temperature Tbp. Specif- 
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ically, when the vapor temperature Tvap is lower than 
the boiling point temperature Tbp, no vapor is generat- 
ed. When the vapor temperature Tvap is equal to the 
boiling point temperature Tbp, a liquid phase and a va- 
por phase coexist. Moreover, when the difference be- 
tween the vapor temperature Tvap and the boiling point 
temperature Tbp is large, it can be regarded that an 
amount of heat enough to obtain sufficient fuel gas for 
electricity generation at the solid polymer type fuel cell 
15 is supplied to the evaporator 1 2. However, as the dif- 
ference between the vapor temperature and the boiling 
point temperature becomes smaller, it can be regarded 
that an amount of heat at the evaporator 12 is de- 
creased. 

[0032] From this fact, as shown in the map A of Fig. 
2, a predetermined temperature difference Tcrt which is 
a critical value of the difference between the vapor tem- 
perature Tvap and the boiling point temperature Tbp is 
set in advance, an amount of heat is enough when a 
value obtained by subtracting the boiling point temper- 
ature Tbp from the vapor temperature Tvap is larger 
than the predetermined temperature difference Tcrt, and 
no additional fuel to the combustor 14 will not be sup- 
plied. On the other hand, when the value obtained by 
subtracting the boiling point temperature Tbp from the 
vapor temperature Tvap is lower than the predeter- 
mined temperature difference Tcrt, ft is decided that the 
amount of heat of the evaporator 12 is short, and an 
amount of heat supplied to the evaporator 12 is in- 
creased to elevate the vapor temperature. A controller 
(a flow rate control portion) 30 shown in Fig. 1 calculates 
the necessary amount of heat for the evaporator 12 by 
using the boiling point temperature Tbp estimated by the 
above-described boiling point estimator 29 and the va- 
por temperature Tvap measured by the temperature 
sensor 1 9, and decides whether the amount of heat of 
the evaporator 1 2 is short or not. The controller 30 out- 
puts a decision result to a pump 28 for supplying the fuel 
from the fuel tank 11 to the combustor 14. 
[0033] When the predetermined temperature differ- 
ence Tcrt is set, the temperature difference Tcrt is set so 
that a margin is provided between the amount of heat 
supplied to the evaporator 12 from the combustor 14 
and the amount of heat of the evaporator 1 2 supplied to 
obtain the fuel gas which is required by the solid polymer 
type fuel cell 1 5 to generate sufficient electricity. Accord- 
ingly, it is possible to prevent the solid polymer type fuel 
cell 15 from stopping its operation due to a decrease of 
the supply amount of the fuel gas because of lack in the 
amount of heat of the evaporator 12. At the same time, 
it is always possible to stably supply the fuel gas to the 
solid polymer type fuel cell 15 and to generate electricity. 
[0034] Here, an operation sequence of this embodi- 
ment will be described with reference to Fig. 3. 
[0035] An operation pressure of the fuel cell 1 5 is first 
read from the pressure sensor 25 in the step 1 , and an 
operation pressure of the evaporator 12 is obtained 
based on the operation pressure of the fuel cell 15 and 



a pressure loss from the evaporator 1 2 to the solid pol- 
ymer type fuel cell 15, which is a known value. 
[0036] In the step 2, the boiling point temperature Tbp 
of the fuel is estimated by a calculation, based on the 

5 operation pressure of the evaporator 1 2 obtained in the 
step 1 and the map B of Fig. 2. The calculation process- 
ing until the step 2 is executed by the boiling tempera- 
ture estimator 29 shown in Fig. 1 . 
[0037] In the step 3, the actual vapor temperature 

10 Tvap measured by the temperature sensor 19 is read, 
and the difference (Tvap - Tbp) between the vapor tem- 
perature Tvap and the boiling point temperature Tbp ob- 
tained in the step 2 is compared with the predetermined 
temperature difference Tcrt in the next step 4. Then, if 

is Tvap - Tbp > Tcrt is satisfied, it is regarded that the 
amount of heat supplied to the evaporator 1 2 is enough, 
and the procedure returns to the step 1 . On the other 
hand, if Tvap - Tbp < Tcrt is satisfied, it is decided that 
the amount of heat supplied to the evaporator 12 is 

20 short, and the procedure moves to the step 5, where a 
rate of the additional fuel is calculated by use of the map 
A of Fig. 2. Then, an amount of the fuel supplied to the 
combustor 14 is increased by use of the pump 28 in the 
step 6. This operation is executed by the controller (the 

25 flow rate control portion) 30. 

[0038] Thus, the fuel supplied to the combustor 1 4 in- 
creases, and a large amount of heat generated is trans- 
mitted to the evaporator 12. Accordingly, the vapor tem- 
perature Tvap elevates, and the flow rate of the vapor- 

30 ized fuel increases. Therefore, it is possible to supply 
gas to the reforming reactor 13 so that electric power 
can be stably supplied in the fuel cell 15 portion. 
[0039] The embodiment explained as above is de- 
scribed to make understanding of the present invention 

35 easy, and the embodiment is not described to limit the 
present invention. Accordingly, each constituent com- 
ponent disclosed in the above-described embodiment 
includes all modifications in design and equivalents be- 
longing to the technological scope of the present inven- 

40 tion. 

[0040] In the above-described embodiment, ex- 
plained was the fuel cell system 1 for use in the moving 
body having a structure that the reforming gas from the 
reforming reactor 13 into the fuel cell portion 15 is al- 

^5 lowed to pass though the carbon monoxide remover 1 6 , 
and supplied to the fuel cell 1 5 after reducing the carbon 
monoxide concentration. In the fuel cell system of the 
present invention, a structure of the carbon monoxide 
remover 16 is not particularly limited, and the carbon 

50 monoxide remover 1 6 may be applied to a fuel cell sys- 
tem having a structure that a hydrogen separation film 
is fitted in the downstream of the reforming reactor 13, 
and pure hydrogen separated thereby is used in the fuel 
cell 1 5 whilethe residual gas is sent to the combustor 1 4. 

55 [0041] A structure of the fuel cell system may be 
adopted, in which a pressure sensor is fitted between 
the evaporator 12 and the reforming reactor 13, and a 
signal of the operation pressure of the evaporator 12 is 
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directly transmitted to the controller (the flow rate control 
portion) 30. Alternatively, a temperature sensor and a 
pressure sensor are fitted in the reforming reactor 13, 
and signals from the temperature sensor and the pres- 
sure sensor may be transmitted to the controller (the 
flow rate control portion) 30 to control the flow rate of 
the fuel supplied to the combustor 14 by the pump 28. 
Furthermore, a structure may be adopted, whereas an- 
other controller 31 and another pump 18 are provided 
as shown in Fig. 1 , the flow rate of the fuel flowing into 
the evaporator 12 is controlled, and the fuel is stably 
supplied to the reforming reactor 13. 
[0042] Moreover, the following structure may be 
adopted. Specifically, the flow rate of the fuel gas sup- 
plied from the evaporator 1 2 to the reforming reactor 13 
is measured, and a surplus heat amount in the evapo- 
rator 12 is obtained based on the difference between 
the temperature of the evaporator and the boiling point 
temperature, together with the above-described flow 
rate of the fuel gas. Then, based on the surplus heat 
amount, the amount of the fuel supplied to the combus- 
tor 14 is controlled, and the amount of heat supplied 
from the combustor 14 is adjusted. 
[0043] The entire content of a Japanese Application 
No. P2000-1 59593 with a filing date of May, 30, 2000 is 
herein incorporated by reference. 
[0044] Although the invention has been described 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above will occur to these skilled in the art, in 
light of the teachings. The scope of the invention is de- 
fined with reference to the following claims. 

Claims 

1 . A fuel cell system, comprising: 

a fuel tank for storing fuel; 
an evaporator for evaporating said fuel to gen- 
erate fuel gas; 

a reforming reactor for generating reforming 
gas containing hydrogen from said fuel gas; 
a combustor for burning any one of said fuel 
and said reforming gas to supply heat to said 
evaporator; 

a fuel cell portion for generating electricity by 
use of said hydrogen contained in said reform- 
ing gas generated in said reforming reactor; 
a boiling point temperature estimation portion 
for estimating a boiling point temperature of 
said fuel in said evaporator based on an oper- 
ation pressure of said evaporator; 
a vapor temperature measuring portion for 
measuring a vapor temperature of fuel gas in 
said evaporator; and 

a flow rate control portion for increasing a flow 
rate of any one of fuel and reforming gas burnt 



in said combustor when a value obtained by 
subtracting said boiling point temperature from 
said vapor temperature becomes below a pre- 
determined value. 

5 

2. The fuel cell system according to claim 1 , further 
comprising: 

a system for supplying the reforming gas to said 
10 combustor, the reforming gas being surplus in 

said fuel cell portion, and for burning the re- 
forming gas therein, wherein 
when the value obtained by subtracting said 
boiling point temperature from said vapor tern- 
's perature becomes below the predetermined 
value, electric power taken out from said fuel 
cell portion is suppressed to increase an 
amount of heat generated in said combustor. 

20 3. a fuel cell system, comprising: 

a fuel tank for storing fuel; 
an evaporator for evaporating said fuel to gen- 
erate fuel gas; 

25 a reforming reactor for generating reforming 

gas containing hydrogen from said fuel gas; 
a combustor for burning any one of said fuel 
and said reforming gas to supply heat to said 
evaporator; 

30 a fuel cell portion for generating electricity by 

use of said hydrogen contained in said reform- 
ing gas generated in said reforming reactor; 
boiling point temperature estimating means for 
estimating a boiling point temperature of said 

35 fuel in said evaporator based on an operation 

pressure of said evaporator; and 
vapor temperature measuring means for meas- 
uring a vapor temperature of fuel gas in said 
evaporator, wherein 

40 provided is flow rate control means for increas- 

ing a flow rate of any one of the fuel and the 
reforming gas burnt in said combustor when a 
value obtained by subtracting said boiling point 
temperature from said vapor temperature be- 

45 comes below a predetermined value. 

4. A method of controlling a fuel cell system including 
a fuel tank for storing fuel; an evaporator for evap- 
orating said fuel to generate fuel gas; a reforming 

50 reactor for generating reforming gas containing hy- 
drogen from said fuel gas; a combustor for burning 
any one of said fuel and said reforming gas to sup- 
ply heat to said evaporator; a fuel cell portion for 
generating electricity by use of said hydrogen con- 

55 tained in said reforming gas generated by said re- 
forming reactor; a boiling point temperature esti- 
mating portion; a vaportemperature measuring por- 
tion; and a flow rate control portion, said method 
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comprising: 

estimating by use of said boiling point temper- 
ature estimating portion a boiling point temper- 
ature of said fuel in said evaporator based on s 
an operation pressure of said evaporator; 
measuring by use of said vapor temperature 
measuring portion a vapor temperature of the 
fuel gas in said evaporator; and 
increasing a flow rate of any one of the fuel and to 
the reforming gas burnt in said combustor when 
a value obtained by subtracting said boiling 
point temperature from said vapor temperature 
becomes below a predetermined value. 
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